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1
COPPER PLATING PROCESS

This vention relates 1 general to a copper plating
method. To give more detail, this mnvention relates to a pre-
treatment solution and a method of copper plating wherein it
1s used such as 1s appropriate for the formation of a copper
plating layer wherein the thickness of the membrane on the
metal layer 1s up to 20 um.

There 1s a variety of industrial applications for the use of
clectrolytic copper plating. For example, 1t 1s also used for
decorative-plated membranes and corrosion-protection
membranes. Also, 1t 1s used 1n the electronic industry for the
manufacture of printed circuit boards and semi-conductors.
In the manufacturing of circuit boards, copper plating 1s uti-
lized for the wiring layers that are formed on the surfaces of
circuit boards and for the conductive layers of the wall sur-
faces of the through holes that perforate between the surfaces
of the printed circuit boards.

In the electrolytic plating methods for the formation of a
metal membrane on items such as copper-clad laminates,
printed wiring boards, and waters, electrolytic plating 1s gen-
erally performed after a degreasing process for the removal of
the o1ls and fats that are adhering to the surface of the printed
circuit board, followed by a water rinse, followed by an acid
activation process, and a discretionary water rinse. In the
degreasing process the object to be plated 1s processed using
an acidic liquid solution that contains an acid such as phos-
phoric acid and an additive such as a surfactant. In the acid
activation process with which the residual oxidative products
on the surface of the metal, the object to be plated 1s processed
using an acidic liquid solution for which sulfuric acid 1s the
main component 1n order to remove the residual oxidative
products on the surface of the metal. This acid activation
process 1s sometimes referred to as a pre-dip bath. Generally,
copper plating solutions contain copper 1ons that are dis-
solved from copper sulfate salt and such, sufficient volume of
clectrolytes such as sulfur to contribute to the conductivity of
the plating bath and polisher agents or copper precipitation
accelerants (brighteners) for improving the uniformity of the
plated membrane, quality, etc., high polarization agents (lev-
clers), surfactant agents, copper precipitation prevention
agents, etc.

In the electrolytic copper plating solution that 1s used in the
manufacture of printed circuit boards, i1t 1s known that 1t 1s
possible to obtain uniformly deposited on the printed circuit
board polished copper plating membranes by using polisher
agents, leveling agents, surfactant agents, and such. Plating
solutions to which polyalkylene oxide and chlornide com-
pound 10ns have been added (for example U.S. Pat. No. 2,931,
760) are known as the additives for copper sulfate and copper
sulfate contaiming copper sulfate plating solution composi-
tion substances. In the patent document 1n question, 1t 1s
disclosed that chloride compound 10ns and bromide com-
pound 10ons have similar actions and that it 1s possible to use
chloride compound 10ns and bromide compound 10ns as addi-
tives 1in copper plating solutions. It 1s also known that there are
plating solutions for a sulfuric acid copper plating solution
that do not contain organic additives and chloride compound
ions and that contain bromide compound ions or 10dine 10ns
(for example JP 63-186893) and that there are plating solu-
tions that include alkylene oxide compounds and the reaction
product(s) of epichlorohydrin (for example JP 2004-250777).

However 1n recent years, because of fears of losing the
tolding characteristics and flexibility of boards when tlexible
printed circuit boards are manufactured using materials such
as polyimide resins, there have come to be restrictions on the
thickness of the conductivity circuitry layer that 1s formed on
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the board. However, 1in general when relatively thick layers of
about 20 um that are obtained using the heretofore technology
are precipitated, the resulting copper layer did not have good
external appearance or physical characteristics. That 1s to say,
when the thickness of the copper-plated layer 1s thicker than
about 20 um, on the surface of the copper plating membrane,
there was a difference 1n substrate metal layer surface rough-
ness and the size of the precipitated copper-plated grain thus
rendering difficult to obtain copper-plated membrane with
uniform and quality luster.

The objective of this invention 1s to provide a copper plat-
ing method with which 1t 1s possible to accumulate copper-
plated membranes that have, even 1t the thickness of the
copper-plated membranes 1s thin, a uniformly precipitated
and flat surface and a mirror-polish. In particular, the objec-
tive of this 1nvention 1s to provide an electrolytic copper
plating method that 1s capable of forming copper plating
membranes that have a uniformly precipitated and flat surface
and a mirror finish for instances of copper plating for copper-
clad laminates and the copper plating for the purpose of
forming thin copper plating on the conductivity circuitry of
printed circuit boards.

As a result of having carefully studied, for the purpose of
solving the aforementioned problems, the copper plating
methods and the pre-treatment solutions, the inventors have
found that 1t 1s possible, by treating prior to conducting the
clectrolytic copper plating process in the course of the copper
plating method, to deposit a copper plating membrane that 1s
evenly precipitated with excellent polish and that has a
smooth surface by treating the object to be plated with a liquad
solution that contains bromide compound ions, and have
achieved this invention.

This invention provides as one 1llustrative embodiment a
copper plating method that 1s characterized by the fact that 1t
1s a copper plating method wherein the copper plating 1s
precipitated by the use of a copper plating solution aifter a
pre-treatment solution that contains at least 0.75 mg/l of
bromide compound 1ons and the object to be copper plated are
brought mto contact.

This invention provides as another 1llustrative embodiment
a copper plating method that 1s characterized by the fact that
it 1s a copper plating method wherein the copper plating 1s
precipitated by the use of a copper plating solution after a
pre-treatment solution that contains at least 0.75 mg/l of
bromide compound 1ons 1s brought into contact with the
object to be plated

This invention also provides a copper plating method that1s
characterized by the fact that it 1s a copper plating method
wherein the copper plating 1s precipitated by the use of a
copper plating solution atter the pre-dip acidic liquid solution
that contains at least 0.75 mg/1 of bromide compound 10ons and
the object to be plated are brought into contact and water
rinsed.

Furthermore, another illustrative embodiment of this
invention 1s a copper plating method whereby copper plating
1s precipitated by means of electrolytic copper plating using a
copper plating solution after the object to be plated 1s brought
into contact with a pre-treatment solution that contains at
least 0.75 mg/l of bromide compound ions; 1t provides a
copper plating method that 1s characterized by the fact the
copper plating solution contains copper 1ons, electrolytes,
chloride compound ions, and bromide compound 10ns, and 1n
which the chloride compound 1ons and bromide compound
ions contained 1n the atorementioned copper plating solution
tulfill the relationship 1n the (1), (2), and (3) of the equations

described below:
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Equation 1:

(C1-30)/20<Br(130+C1)/20 (1);

50-CI<10xBr (2);

10<Cl (3)

In the equations, Cl 1s the concentration of the chloride
compound 1ons (mg/1) 1n the ingredients of which the copper
plating solution 1s composed; the Br 1s the concentration of
the bromide compound 1ons (mg/1) in the components of the
copper plating solution.

Another illustrative embodiment of this invention 1s to
provide a pre-treatment solution electrolytic copper plating
composition that contains at least 0.75 mg/1 of bromide com-
pound 101ns.

It 1s possible by the use of the copper plating method of this
invention to precipitate a copper plating membrane that has
an excellent external appearance, 1s evenly precipitated, and
that has an even surface even when the precipitated copper
plating membrane 1s relatively thick. Thin copper plating
membranes with a mirror-polish are advantageous in the for-
mation of circuits on flexible printed circuit boards.

The abbreviations that are used throughout this specifica-
tion have, unless specified to the contrary, the following
meanings:

g=0Tams; mg=milligrams; °C.=degrees Celsius;
min=minute; m=meter; cm=centimeter; um=micron (mi-
crometer); 1=liter; ml=mulliliter; A=ampere;
mA/cm*=milliampere per square centimeter;

ASD=ampere per square decimeter; dm°=square decime-
ter. The ranges of all numerical values, unless specified to
the contrary, include the threshold limit value; further-
more, arbitrary combination of order 1s possible. All vol-
umes, unless specified to the contrary, are weight percent-
ages and all ratios are based on weight.

In terminology used 1n this specification “plating solution”™
and “plating bath” have the same meaning and are inter-
changeable. The term “brightener” means an organic additive
agent that has the action of increasing the precipitation speed
of the electrolytic plating bath, and has the same meaning as
the term “precipitation accelerant agent” and the term “pol-
isher agent” and are interchangeable. The term ““precipitation
suppressant agent” has the same meaning as the term “car-
rier’”’; it means an organic additive agent that has the action of
suppressing the copper plating precipitation speed 1n electro-
lytic plating. The term “leveler” or “leveling agent” means an
organic compound that has the action of forming what 1s
actually an evenly precipitated metal layer. The term
“alkane,” “alkanol” or “alkylene” indicates either straight
chained or branched chain alkane, alkanol, or alkylene.

This invention 1s a copper plating method that 1s character-
ized by the fact that an object to be plated—1or example, a
built-up printed circuit board, a flexible printed circuit board,
waler, etc.,—1s brought into contact with a treatment solution
that contains at least 0.75 mg/l of bromide compound 1ons,
alter which copper plating 1s precipitated by means of elec-
trolytic copper plating using a copper plating solution.

The bromide compound 1on containing treatment solution
of this invention may be a pre-treatment solution that is
brought 1nto contact with the object to be plated immediately
prior to conducting the electrolytic copper plating process or
it may be a pre-dip acidic liquid solution that 1s used for acid
activation process. Which 1s to say that 1t 1s possible to have an
clectrolytic copper plating method that includes:

(1). A process for degreasing treatment of the object to be
plated;
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(11). A process for conducting an acid activation;

(111). A process for bringing into contact a pre-treatment solu-
tion that contains bromide compound 10ns and the object to
be plated;

(1v). A process for electrolytic plating.

Water washing between each of the processes does not
cifect what 1s obtained by the method of this invention; as
required, 1t 1s possible to perform a water wash between each
of the processes.

Also, by means of the addition of bromide compound 10ns
to the pre-dip acidic liquad solution used 1n the acid activation
process, 1t 1s possible to simultaneously conduct the above
described (11) and (111). It 1s also possible to process the object
to be plated with a pre-dip acidic liguid solution and then to
treat the object to be plated with a pre-treatment solution that
contains bromide compound 10mns.

In this imnvention it 1s preferable for the pre-treatment solu-
tion that contains bromide compound 10ns to be an aqueous
solution that contains bromide compound 10ns. The bromide
compound 1ons 1n an aqueous solution should be at least 0.75
mg/1 or greater; 1t 1s preferable for it to be 1 mg/1 or greater and
it 1s even more prelferable for the volume to be 2 mg/l or
greater. It 1s possible to add 1000 mg/1 of bromide compound
ions 1nto the pre-treatment solution; it 1s preferable to add up
to 100 mg/l. Although 1t 1s possible for the pre-treatment
solution that contains bromide compound 1ons to contain
other compounds, surfactant agents, acids, corrosion preven-
tion agents, etc., 1t 1s preferable for 1t to be an aqueous solution
that 1s composed of bromide compound 10ns and water. It 1s
possible to use de-ionized water, tap water, distilled water,
etc., for the water.

In this invention it 1s preferable that the bromide compound
ions be soluble in the pre-treatment liquid solution or the
pre-dip acidic liquid solution and be such that 1t can provide
bromide compound 10ns (bromide 10ns) provided from a bro-
mide compound source. As this source of bromide compound
1ons, 1t 1s possible to suggest bromide compounds 10ns that do
not adversely atlect the pre-treatment solution and the copper
plating bath such as hydrogen bromide, potasstum bromide,
sodium bromide, magnesium bromide, copper bromide (1),
silver bromide, bromoform, carbon tetrabromide, ammonium
bromide, tetracthylammonium bromide and 1-ethyl-3-meth-
yliomidazolium bromide. These bromide compound 1on
sources may be used alone or in a combination of 2 or more.

In this imnvention, the pre-dip acidic liqud solution and acid
activation processing are mainly for the purpose of removing
the acid substances that remain on the metal surface of the
object to be plated. It1s preferable for the pre-dip acidic liquid
solution to be an aqueous solution that contains an acid.
Specifically, for example, aqueous solutions of sulfur, metha-
nasulfonic acid, and fluoborate can be cited. The acid may be
used alone or 1n a combination of 2 or more. The pre-dip
acidic liquid solution 1s one 1n which the aforementioned acid
1s an aqueous solution that contains 1% by weight to 50% by
weight; 5% by weight to 20% by weight 1s preferable. Also,
the pre-dip acidic liquid solution may, if desired, contain
other than bromide compound 10ns, halogen 1ons, organic
compounds that contain nitrogen atoms, organic compounds
that contain sulfur atoms, etc.

As examples of the aforementioned surfactant agents, sur-
factant agents of the anionic series, cationic series, non-101n1¢
series or amphoteric series can be cited; i particular the
non-ionic surfactant agents are preferable. The preferable
non-ionic surfactant agents are polyethers that contain within
1 molecule ether oxygen atoms. Specifically, for example,
polyoxyalkylene additives such as polyoxyethylene lauryl
cther, polyethylene glycol, polypropylene glycol, polyoxy-




US 7,857,960 B2

S

cthylene alkyl ether, polyoxyethylenepolyoxypropy-
leneglycol, polyoxyethylene nonylphenylether, polyoxyeth-
ylenepolyoxypropylenealkylamine and ethylenediamine can
be cited; the preferable ones are polyoxyethylenemonobu-
tylether, polyoxypropylenemonobutylether, polyoxyethyl-
ene polyoxypropyleneglycolmonobutylether, etc., of poly-
oxyethylenemonoalkyl  ether, polyethylenegycol or
phenylethoxylate with 5 to 500 repeating units. Such additive
agents may be used alone or in a combination of 2 or more.

As for the halogen ions that may be contained 1n the pre-dip
acidic liquid solution 1n addition to the bromide compound
ions, chloride compound ions (chloride 10ns), 10dine 10ns, and
such can be cited. It 1s preterable for the chloride compound
ions to be soluble 1n the pre-dip acidic liquid solution and for
them to be from a chloride compound source thatis capable of
supplying chloride compound 1ons (chloride 1ons). As for
sources ol such chloride compound 10ns, sodium chlornde,
copper chloride, aluminum chloride, lithium chloride, potas-
stum chloride, and such, that do not adversely affect the
pre-dip acidic liquid solution and the copper plating bath can
be cited. In the same way, for the 1odine 10ns 1t 1s preferable
tor them to be soluble in the pre-dip acidic liquid solution and
from an 10dine 10on source that can supply 10dine 1ons. These
chloride 1ons and 10dine 1ons can be used alone or 1n combi-
nations of 2 or more.

As for the organic compounds that contain nitrogen atoms
that can be contained 1n the pre-dip acidic liquid solution, 1t 1s
possible to cite such as amine compounds, amide compounds
thioamide compounds, compounds that have an aniline or
pyridine ring, other heterocyclic compounds or condensed
heterocyclic compounds and aminocarboxylic acid. Included
are, Tor example, alkylamine, dialkylamine, trialkylamine,
arylalkylamine, imidazole, triazole, tetrazole, benzimi-
dozole, benzotriazole, piperidine, morpholine, piperazine,
oxazole, benzoxazole, pyrimidine, quinoline, 1soquinoline,
thiourea, dimthylethiourea glycine, diaminotheylene-ami-
noacetic acid, N-methylglycine, dimethyleglycine, [-ala-
nine, cysteine, glutamic acid, asparaginic acid, and 1mida-
zole, diethylenegylcol, epichlorhydrin and the products of the
reaction that are disclosed in Unexamined Patent Application
2004-250777. Such organic compounds that have nitrogen
atoms can be used alone or 1n a combination or 2 or more.

As sulfur atom containing organic compounds that may be
contained 1n the pre-dip acidic aqueous solution, thiourea
compounds, benzothiazole compounds, and such, that con-
tain 1 or several sulfur atoms can be cited. Included amongst
the organic compounds that have sulfides or sulfonic acid
group are, for example, compounds that contain a —S
(CH,O—R—SO,M structure within the molecule or that
contain —S—R—SO,M structure (1n the formula, the M 1s
hydrogen or an alkyl metal atom and the R 1s an alkylene
group that contains from 3 to 8 carbon atoms). Specifically
the following can be cited as examples: N,N-dimethyl-dithio-
carbamic acid-(3-suliopropyl) ester; 3-mercapto-propylsul-
tonic acid-(3-suliopropyl) ester; 3-mercapto-propylsulionoic
acid sodium salt; 3-mercapto-propylsulfonic acid sodium
salt; carbon-dithio-o-ethyl ester; bis-sulfoniocpropyldisul-
fide; bis-(3-sulfonepropyl-disulfide disulfide di-sodium salt;
3-(benzothiazolyl-s-thio) propylsulione acid sodium salt;
pyridintum propylsuliobetaine; 1-sodium-3-mercaptopro-
pane-1-sulfonate; N,N-dimethyl-dithiocarbamic acid-(3-sul-
toethyl) ester; 3-mercapto-ethylpropylsulionic acid-(3-sulio-
cthyl); 3-mercapto-ethylsulfonic acid sodium  salt;
3-mercapto-1-ethane sulfonic acid potassium salt; carbon-
dithio-o-ethyl ester-s-ester; bis-sulfoethyldisulfide; 3-(ben-
zothiazolyl-s-thio) ethyl sulfonic acid sodium salt; pyri-
dinium thiethylsulfobetaine; 1-sodium-3-mercaptoethane-1-
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sulfonate; and thiourea compounds such as thiourea, 1,3-
dimethyltiourea, trimethylthiourea, diethylethiourea and
allythiourea.

The aforementioned compounds that may be added to the
pre-dip acidic liquid solution of this invention may be added
at will in volumes of ranges that do not have an adverse effect
on the results of pre-dip acidic liquid solution. For example,
to the pre-dip acidic liquid solution as a whole, the following
volumes may be added: surfactant agents from O ppm to 200
ppm, preferably 1n the range of 1 ppm to 150 ppm; halogen
ions 0 ppm to 200 ppm, preferably 1n the range of 100 ppm or
less; organic compounds containing nitrogen atoms 0 ppm to
300 ppm, preferably in the range of 0 ppm to 150 ppm;
organic compounds containing sulfur atoms O ppm to 10 ppm.,
preferably in the range of 7 ppm or less.

In the copper plating method of this invention, the addition
of bromide compound 1ons into the pre-dip acidic liquid
solution makes 1t possible to simultanecously perform the
process of the acid activation treatment (11) and the process of
bringing the pre-treatment solution that contains bromide
compound 10ns and the object to be plated (111). The volume of
the atorementioned bromide compound 10ns that are added
into the pre-dip acidic liquid solution 1s 0.75 mg/1 or higher,
preferably 1 mg/l or higher, and more preferably 2 mg/l or
higher. The volume of the atorementioned bromide com-
pound 10ns that are added 1nto the pre-dip acidic liquid solu-
tion 1s 1000 mg/1 or higher and preferably 100 mg/1 or higher.

The copper plating method of this invention 1s one with
which the effects of this invention are obtained by the addition
of bromide compound 10ns 1nto a publicly known degreasing
liquid solution that 1s used 1n the degreasing process of the
object to be plated (1). In this case, the copper plating method
includes a process wherein the degreasing liquid solution that
includes bromide compound 10ns and the object to be plated
are brought into contact, an acid activation process and a
process 1n which the electrical plating 1s performed using a
copper plating solution.

In the event that bromide compound 1ons are added to the
degreasing solution, the concentration of the bromide com-
pound 10ons 1n the liquid solution for the degreasing process 1s
at least 50 mg/l, preterably 100 mg/l or higher and more
preferably 200 mg/1 or higher.

The copper plating method of this ivention includes a
degreasing process 1n which the object to be plated and the
degreasing liquid solution are in contact with the solution
temperature at 10° C. to 70° C., preferably ambient tempera-
ture to 50° C. for 10 seconds to 30 minutes, prefer ably 1 to 5
minutes, a process 1 which the object to be plated and the
pre-dip acidic liquid solution are in contact with the solution
at 10° C. to 70° C., preferably 20° C. ambient to 30° C. for
seconds to 10 minutes, preferably 30 seconds to 5 minutes, a
process 1 which the processed object to be plated 1s pro-
cessed 1n a pre-treatment solution that contains bromide com-
pound 1ons with the solution at 10° C. to 70° C., preferably
20° C. ambient ~30° C. for 10 seconds to 10 minutes, prei-
erably 30 seconds to 5 minutes, and a copper plating method
wherein a copper plating solution 1s used. The method for the
addition of the bromide compound 10ns 1nto the pre-dip acidic
liquid solution or the decreasing liquid solution may be the
same solution temperatures and times as described in the
above.

In the case that a pre-dip acidic liquid solution that contains
bromide compound 10ns 1s used 1n the acid activation treat-
ment process, it 1s possible to not include the process by
which the pre-treatment solution that contains bromide com-
pound 10ns and the object to be plated are brought into contact
(111) after the acid activation treatment process 1 question.
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Also, 1t 1s possible to use this (111) process 1n lieu of a water
wash and 1t 1s also possible to conduct the electrical copper
plating treatment after the acid activation treatment process.

Publicly known copper plating solutions may be used for
the copper plating solution of this invention. The copper
plating solution contains copper 1ons, electrolytes, and
desired additives.

The aforementioned bromide compound 10ns are at least
partially soluble 1n the electric plating bath; 1t 1s preferable
that they be provided by a copper 1on source that 1s capable of
providing copper 1ons. As a source of these copper 1ons cop-
per salt 1s preferable; as examples such as copper suliate,
copper chlonide, copper acetate, copper nitrate, copper flu-
oborate, copper methanesulfonate, copper phenylsulionate
and p-toluenesulfonate can be cited. In particular, copper
sulfate or copper methanesulfonate 1s preferable. The source
of copper 1ons may be alone or in a combination of 2 or more.
Such metal salts are generally sold on the market and may be
used without refining.

The range of the volume of copper 1ons supplied to the
copper plating solution 1s normally 10 g/1 to 200 g/1, 15 g/l to
100 g/1 being preferable, and 20 g/l to 75 g/l being more
preferable.

It 1s preferable for the above described electrolytes to be
acid; included are sulfuric acid, acetic acid, alkyl sulfonic
acids such as fluoborate acid, methanesulfonic acid, ethane-
sulfonic acid, propanesulionic acid and trifluromethanesu-
fonic acid, allysulionic acids such as phenylsulfonic acid,
phenolsulfonic acid and toluenesulifonic acid, sulfamic acid,
hydrochloric acid, and phosphoric acid. In particular, meth-
anesulfonic acid 1s preferable. It 1s possible to supply these
acids 1n the form of a metal salt or a halide; they may be alone
or in a combination of 2 or more. Such electrolytes may be
generally sold on the market, and may be used without puri-
fication.

The range of the volume of electrolytes supplied to the
copper plating solution 1s normally 1 g/1 to 300 g/1, 5 g/1t0 250
g/l being preferable, and 10 g/1 to 200 g/1 being more prefer-
able.

As additive agents that may be contained in the copper
plating solution, 1t 1s possible to use the halogen 10ns, surfac-
tant agents, organic compounds that contain nitrogen atoms,
organic compounds that contain sulfur atoms and such of the
above described bromide compound 1ons, chloride com-
pound 101ns, 10dine 1ons, and such.

For the halogen 10mns, 1t 1s preferable for the copper plating
solution to contain chloride compound 10ons and bromide
compound 10ns. As for the concentration levels of the chloride
compound 10ns and the bromide compound 1ons, 1t 1s prefer-
able for the concentrations to fulfill the equations described
below as (1) or (3) 1n terms of the concentration (mg/1) of the
chloride compound 10ns (Cl) within the composition of the
copper plating solution and the concentration (mg/l) of the
bromide compound 10ns (Br) within the composition of the
copper plating solution.

Equation 2:

(C1-30)/20<Br<(130+Cl1)/20 (1)

50-CI<10xBr (2)

10<Cl (3)

That which 1s more preferable 1s that which fulfills the
relationship of equations (4) and (35) indicated below.

Equation 3:

3=Br=(70+Cl1)/15 (4)
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20=Cl (5)

That which 1s even more preferable 1s that of a concentra-

tion such as would fulfill the relationship of equations (6) and
(7) indicated below.

Equation 4:

3=<Br=6 (6)

30=C] (7)

Also, 1t 1s preferable when a soluble positive electrode 1s
used 1n the electrical plating and the range of the concentra-
tion level of the chloride compound 10ns 1n the copper plating
bath exceeds 10 mg/l and 1s within 30 mg/1 for the bromide
compound 10ons to be at 2 to 8 g/l (mg/1), when the range of the
concentration of the chloride compound 10ns 1n the copper
plating bath exceeds 30 mg/l and 1s within 70 mg/1 for the
chloride compoundionstobeat 1 to 10 g/l and when the range
of the concentration of the chloride compound 10ns in the
copper plating bath exceeds 70 mg/l and 1s within 100 mg/1
tor the chloride compound 10ons to be at 2 to 10 g/1. When the
range of the concentration level of the chloride compound
ions 1n the copper plating bath exceeds 30 mg/1 and 1s within
70 mg/1, it particularly preferable for the range of the concen-
tration of the bromide compound 101ns to be 1n the range of 2
to 8 g/l.

It 1s possible for the aforementioned copper plating solu-
tion to contain a publicly known precipitation accelerant
agent. For precipitation accelerant agent, the selection 1s
made from the alorementioned organic compounds that con-
tain nitrogen atoms.

It 1s possible to use these precipitation accelerant agents 1n
a variety of volumes; the volume to be used per each liter of
the plating bath may be at least 1 mg, preferably at least 1.2
mg and more preferably at least 1.5 mg. For example, the
volume of precipitation accelerant agent exists 1n the copper
plating bath in the range of 1 mg/1 to 200 mg/1. The volume of
precipitation accelerant agent 1n the copper plating bath of
this invention that 1s particular useful 1s O mg/l to 50 mg/1.

When surfactant agents are used in the copper plating
solution, 1t 1s appropriate for the concentration level to be at O
g/l or greater and 30 g/1 or less, preferable for 1t to be 0.05 g/l
or greater and 20 g/1 or less and more preferable for 1t to be 0.1
g/l or greater and 15 mg/1 or less.

For the components of the copper plating solution, it 1s
possible to prepare by means of adding the atorementioned
components 1n an at will order. For example, 1t1s preferable to
add the copper 10n source and electrolytes to the water, fol-
lowed by an addition of the chloride compound 1ons and the
bromide compound 1ons, and, 1f necessary, the addition of the
leveling agent, the precipitation accelerant agent, the surfac-
tant agent, and such.

The copper plating method of this invention 1s performed
by bringing into contact the object to be plated and the copper
plating solution, and performing the electrical plating using
the object to be plated as a cathode. As for the electrical
plating method, 1t 1s possible to use publicly known methods.
The concentration levels of each of the aforementioned com-
ponents are adjusted for the plating method—barrel plating,
through-hole plating, rack plating, high-speed continuous
plating, etc.

It 1s possible to perform the aforementioned electrical plat-
ing method with the plating bath temperature at 10° C. to 65°
C. and preferably at ambient temperature to 50° C. Also, the

cathode current density can be appropriately selected to be 1n
the 0.01 to 100 A/dm* and preferably in the 0.05 to 20 A/dm?
ranges.
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Although 1t 1s acceptable for no stirring to occur in the
plating bath between the electrical plating processes, it also
possible to select a method such as stirring by means of a
vibration of the objects being processed, stirrer, etc., tlow
movement by means ol a pump, air stirring, etc.

The copper plating method of this invention 1s one that can
be used for any object to be plated wherein it 1s possible to
clectrically plate copper. As examples of such objects to be
plated, 1t 1s possible to cite printed circuit boards, integrated
circuits, semi-conductor packages, lead frames, inter-con-
nectors, etc. In particular, 1t 1s useful 1n lead frames, flexible
printed circuit boards, and such, wherein there 1s accumula-
tion of relatively thin copper.

With the copper plating method of this invention 1t 1s pos-
sible to accumulate copper-plated membranes that are free of
dimple-shaped pitting, have excellent luster, are evenly pre-
cipitated and have flat surfaces even 1f the membrane thick-
ness 1s 20 microns or less, preferably 15 microns or less, and
more preferably 12 microns or less.

This 1nvention 1s explained by means of the following
working examples, but these are merely working examples
and as such do not restrict the scope of this invention.

WORKING EXAMPLE 1

20 mg/1 of sodium bromide was added to de-1oni1zed water
to prepare a pre-treatment liquid solution. A 10 cmx3 cm
rolled copper fo1l was subjected to a degreasing processing,
using an acid cleaner 1022B acidic degreaser (manufactured
by Rohm and Haas Electronic Material K .K.); after perform-
ing a water wash for 1 minute with ambient temperature
de-1onized water, 1t was dipped for 1 minute 1 a 235° C.
pre-dip acidic liquid solution consisting of a 10% concentra-
tion sulfuric acid aqueous solution, after which 1t was dipped
for 1 minute 1n a pre-treatment liquid solution that had been
prepared at 25° C. solution temperature and then using the
copper plating solution with the composition described
below, the copper was precipitated using electrical plating.
The electrical plating was performed using a positive soluble
clectrode made of phosphor copper at a solution temperature
of 25° C. under 3ASD current density conditions, while per-
forming air agitation; the electrical plating was conducted so
as to precipitate an 8-micron thick copper plating membrane.

The obtained copper plating film was subject to gross and
metal microscope PME3 (manufactured by Olympus Corpo-
ration). The copper plating film was deposited evenly and also
had a smooth surface; there was no dimple-shaped pitting and
it had a good mirror-glass outward appearance.

TABL.

L1

1

Copper Plating Solution (1)

Copper Sulfate Penta-Hydrate 75 g/l
(19.1 g/l
as copper)

Sulfuric Acid 190 g/l

Hydrogen Chloride 51.4 mg/l
(50 mg/l as
chloride 1on)

Bis-(3-Sulfopropyl)-Disulfide Disodium Salt 4 mg/l

Polyoxyethylenepolyoxypropyleneglycolmonobutylether 1.5 g/l

(welght-average molecular weight 1100)

Reaction Product of Imidazole and Diethyleneglycol and 75 mg/l

Epichlorohydrin Disclosed in Published Unexamined Patent

Application 2004-250777

De-1onized Water Residual

pH Value <1
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WORKING EXAMPLE 2

Except that the volume of the sodium bromide was 1 mg/1,
a copper plating membrane was precipitated on the rolled
copper 1o1l 1n the same manner as in Working Example 1. The
copper plating membrane that was obtained had a good muir-
ror-polish external appearance, was evenly precipitated, had a

flat surface, and: had no dimple-shaped pitting.

WORKING EXAMPLE 3

Exceptthat the volume of the sodium bromide was S0 mg/]1,
a copper plating membrane was precipitated on the rolled
copper 101l 1n the same manner as in Working Example 1. The
copper plating membrane that was obtained had a good mir-
ror-polish external appearance, was evenly precipitated, had a

flat surface, and had no dimple-shaped pitting.

COMPARAIIVE EXAMPLE 1

Except that sodium bromide was not added and de-1onized
water was used for pre-treatment liquid solution, a copper
plating membrane was precipitated on the rolled copper foil
in the same manner as 1n Working Example 1. The copper
plating membrane that was obtained had a good mirror-polish
external appearance, was evenly precipitated, had a flat sur-
face, and had no dimple-shaped pitting.

WORKING EXAMPLE 4

A pre-dip acidic liqud solution that contained 10 mg/l
sodium bromide was added 1nto a sultfuric acid liquid solution
that was 10% by weight. A 10 cmx5 cm rolled copper o1l was
subjected to a degreasing processing using an acid cleaner
1022B acidic degreaser (manufactured by Rohm and Haas
Electronic Material K.K.); after dipping for 1 minute 1n a 25°
C. pre-dip acidic liquid solution copper was precipitated by
means of electrical plating using the copper plating solution
of Working Example 1. The electrical plating was performed
using a positive soluble electrode made of phosphor copper at
a solution temperature of 25° C. under 3ASD current density
conditions, while performing air agitation; the electrical plat-
ing was conducted so as to precipitate an 8-micron thick
copper plating membrane.

The obtained copper plating {ilm was subject to gross and
metal microscope PME3 (manufactured by Olympus Corpo-
ration). The copper plating {ilm was deposited evenly and also
had a smooth surface; there was no dimple-shaped pitting and
it had a good mirror-glass outward appearance.

COMPARAITIVE EXAMPLE 2

A copper plate film was deposited 1n the same manner as 1n
Working Example 1 except that sodium bromide was not
added to the pre-dip acidic liquid solution. Although the
obtained copper plating film was deposited evenly, there was
dimple-shaped pitting so 1t was not possible to obtain a mirror
gloss.

WORKING EXAMPLES 5-9 AND
COMPARAITIVE EXAMPLES 3-4

Using a pre-dip acidic liquid solution wherein the concen-
tration of the bromide compound 10ns in the pre-dip acidic
liquid solution was adjusted as indicated 1n Table 2, copper
plating membranes were precipitated using the same method
as 1n Working Example 4 and examined. These results are
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shown 1n Table 2. The uniformity evaluation was performed
based on the ratio of the membrane thickness of the plated
membrane at the center of the copper foil versus the mem-
brane thickness at the edge of the copper foil; S=a difference
under 20%, 4=a difference of 20% or greater and less than
40%, 3=a difference o1 40% or greater and less than 60%, 2=a
difference of 60% or greater and less than 80%, and 1=a
difference of 80% or greater. The evaluation of the dimpled-
shaped pitting on the surface of the copper plated membranes
was that 5=none could be confirmed, 4=shallow pitting was
confirmed, 3=pitting of a certain degree of depth was con-
firmed, 2=numerous deep pits were confirmed, and 1=deep
pits were confirmed over the entire surface. NA means the
pre-treatment solution was not used.

WORKING EXAMPLE 10

Except that 1 mg/l of sodium bromide was added to the
pre-dip acidic liquid solution, the membranes were precipi-
tate 1n the same manner as 1n Working Example 2, and the
copper membranes that were obtained were examined. The
results are shown 1n Table 2.

TABL

T

2

Bromide Compound Ion Concentration mg/l

10

15

20

Pre-Treatment

Solution Pre-Dip Acidic Liquid solution

Working Example 1 20 0
Working Example 2 1 0
Working Example 3 50 0
Comparative Example 1 0 0
Working Example 4 NA 10
Comparative Example 2 NA 0
Comparative Example 3 NA 0.1
Comparative Example 4 NA 0.5
Working Example 5 NA 0.75
Working Example 6 NA 1.0
Working Example 7 NA 5.0
Working Example 8 NA 10.0
Working Example 9 NA 50.0
Working Example 10 1.0 1.0

The pre-dip acidic solution was prepared using the bro-

mide compound 1ons shown 1n Table 3 1n place of the sodium 5

bromide and the copper plating membranes were precipitated
in the same manner as 1n Working Example 4 and examined.
The results are shown 1n Table 3.

TABL

(L]
(o

As Bromide Dimple-
Additive Additive  Compound Shaped
Agent Volume Ions Uniformity Flatness Pits
Copper 17.9 mg/l 10 mg/l 4 Good 5
Bromide (II)
Hydrobromic 10.2 mg/l 10 mg/l 4 Good 5
Acid

WORKING EXAMPLE 12

Excluding the fact that the copper plating solution used was
that of the below described composition, the same copper
plating process as 1n Working Example 4 was performed. The
copper-plated membrane that was obtained was precipitated
evenly, had a smooth surface, and did not have any dimpled-
shaped pits and had a good external mirror-gloss appearance.
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TABL.

L1

4

Copper Plating Solution (2)

Copper Sulfate Penta-Hydrate 75 g/l
(19.1 g/l
as copper)

Sulfuric Acid 190 g/l

Hydrogen Chloride 51.4 mg/l
(50 mg/l as
chloride 1on)

Sodium Bromide 5.15 mg/l

Bis-(3-Sulfopropyl)-Disulfide Disodium Salt 4 mg/l

Polyoxyethylenepolyoxypropyleneglycolmonobutylether 1.5 mg/l

(welght-average molecular weight 1100)

Reaction Product of Imidazole and Diethyleneglycol and 75 mg/l

Epichlorohydrin Disclosed in Published Unexamined

Patent Application 2004-250777

De-1onized Water Residual

Pitting

at, Mirror Gloss
at, Mirror Gloss
at, Mirror Gloss
at, Glossy

at, Mirror Gloss
at, Glossy

at, Glossy

at, Glossy

at, Mirror Gloss
at, Mirror Gloss
at, Mirror Gloss
at, Mirror Gloss
at, Mirror Gloss
at, Mirror Gloss

Lh Lt L L L L L L b L L
E2 e e e e e IRE Y IRES IR IRE2 IRES IR IRE P IRED
R N N T R S R N L Y Y
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Excluding the fact that 100 ppm of polyoxyethylenepoly-
oxypropyleneglycolmonobutylether was further added as a
surfactant agent, the copper plating process was performed 1n
the same manner as 1n Working Example 4.

The obtained copper plating membranes were uniformly
precipitated, and also had flat surfaces and good external
appearance with no dimple-shaped pits and with a good muir-
ror gloss.

WORKING EXAMPL

14

T

Excluding the fact that 50 ppm of hydrogen chloride was
added 1nto the pre-dip acidic liquid solution as chloride com-
pound 10ns and that a water wash was performed immediately
prior to the copper plating process, the copper plating process
was performed 1n the same manner as 1n Working Example 4.
The obtained copper plating membranes were uniformly pre-
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cipitated, and also had flat surfaces and good external appear-
ance with no dimple-shaped pits and with a good mirror gloss.

WORKING EXAMPL.

T

15

Excluding the adjustments made in the time required to
perform copper plating processing so that the thickness of the
precipitated membranes would be that indicated in Table 5,
the copper plating process was performed 1n the same manner
as 1n Working Example 4. In the same manner as with Work-
ing Example 4, the results of the obtained copper plating
membranes are shown 1n Table 3.

TABLE 5
Thickness
of Copper Dimple-
Plated Shaped
Membrane pm Uniformity Flatness Pits
1 5 (ood 4
3 5 (Good 4
5 5 (ood 5

What 1s claimed 1s:

1. A copper plating method comprising:

a) activating an object to be plated with a pre-dip solution
comprising acid and from 0.75 mg/l to 1000 mg/l of
bromide 1ons, the object 1s of copper;

b) contacting the object to be plated with a pre-treatment
solution containing at least 0.75 mg/1 of bromide 1ons;
and

) precipitating a copper plate of 20 microns to 8 microns
on the object by electrolytic copper plating using a cop-
per plating solution containing copper 1ons, electrolytes,
chloride 10ons and bromide 10ons, the chloride 1ons and the
bromide 10ns are at concentrations to fulfill relationships
ol equations:

(1) (C1-30)/20<Br (130+C1)/20, (2) 50-CI<10xBr and (3)
10<Cl

wherein Cl 1s chloride 1on concentration 1n the copper
plating solution in mg/l1 and Br 1s bromide 1on concen-
tration in the copper plating solution 1n mg/1.
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2. The copper plating method of claim 1, wherein the
pre-treatment solution further comprises one or more surfac-
tants.

3. The copper plating method of claim 1, wherein the acid
of the pre-dip solution 1s sulfuric acid.

4. The copper plating method of claim 1, further compris-
ing a step of degreasing the object to be plated with a degreas-
ing solution prior to activating the object to be plated with the
pre-dip solution, the degreasing solution comprises at least 50
mg/1 of bromide 10ns.

5. A copper plating method comprising:

a) contacting an object to be plated with a pre-treatment
solution contaiming from 0.75 mg/l to 1000 mg/l of
bromide 10ns, the object 1s of copper; and

b) precipitating a copper plate on the object by electrolytic
copper plating using a copper plating solution contain-
ing copper 1ons, electrolytes, chloride 10ns

and bromide 10ns, the chloride 1ons and the bromide 10ns
are at concentrations to fulfill relationships of equations:

(4) 3=Br=(70-Cl)/15 and (5) 20=C] wherein Cl 1s chlo-
ride 10n concentration

in the copper plating solution in mg/1 and Br 1s bromide 1on
concentration in the copper plating solution 1n mg/1.

6. A copper plating method comprising;:

a) contacting an object to be plated with a pre-treatment
solution containing from 0.75 ml/1 to 1000 mg/1 of bro-
mide 10ns, the object 1s of copper; and

b) precipitating a copper plate on the object by electrolytic
copper plating using a copper plating solution contain-
ing copper 1ons, electrolytes, chloride 10ns and bromide
1ons, the chloride 1ons and the bromide 10ns are at con-
centrations to fulfill relationships of equations:

(6) 3=Br=6 and (7) 30=Cl wherein Cl 1s chloride 10on
concentration

in the copper plating solution in mg/1 and Br 1s bromide 1on
concentration in the copper plating solution 1n mg/1.

7. The copper plating method of claim 6, wherein the

copper plate 1s 15 microns to 8 microns.

8. The copper plating method of claim 7, wherein the
copper plate 1s 12 microns to 8 microns.

G o e = x
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